Dispersal in birds can have an important influence on the genetic structure of populations by affecting gene flow. In birds that learn their songs, dispersal can affect the ability of male birds to share songs in song dialects and may influence mate attraction. We used Inductively Coupled Plasma Mass Spectrometry (ICP-MS) trace element analysis on the body feathers of birds to assess dispersal among four song dialects. We found that (1) most males had a feather element profile typical of only one dialect location; (2) males singing non-local ('foreign') dialects in a focal population often learned their foreign songs outside the dialect; and (3) females often dispersed among dialects. We estimated 5% dispersal per year by yearling males between the site of moulting and breeding. Our estimate is consistent with genetic estimates of widespread gene flow between dialects in this subspecies of the white-crowned sparrow.
Introduction
Dispersal of animals can have important effects on behaviours that influence the dynamics and genetic structure of populations. One such behavioural process in song birds is song learning. As far as is currently known, young males of most song bird species learn their songs from adult 'tutors', although the timing of and the form of his learning varies considerably among species (Catchpole & Slater, 2008) . In some species, males learn their song(s) in the first few months of life, the same time frame that they leave their natal territories and prospect for a future breeding territory (Beecher et al., 1994; Nelson & Poesel, 2014) . In other species learning new songs occurs later in life during the bird's first breeding season (O'Loghlen & Rothstein, 1993; Briskie, 1999) . When dispersal from the site of learning is limited, males with shared song types cluster together in small song neighbourhoods or larger vocal dialects. In several species males appear to benefit from breeding in the same area where they learned their song(s) early in life, perhaps because they have prior experience with the area and/or their shared songs allow them to communicate more effectively with conspecifics (Payne et al., 1988; Beecher et al., 2000; Poesel et al., 2012) .
Although song dialects can be quite homogeneous, it is commonly observed that some males within a local dialect sing songs typical of a foreign dialect -redwing, Turdus iliacus (Bjerke & Bjerke, 1981) ; corn bunting, Emberiza calandra (McGregor, 1980; Hegelbach, 1986; Glaubrecht, 1991) ; ortolan bunting, Emberiza hortulana (Conrads, 1976) ; white-crowned sparrow, Zonotrichia leucophrys (Cunningham et al., 1987) ; savannah sparrow, Passerculus sandwichensis (Bradley, 1994) . The existence of such foreign singers provides evidence that males do disperse between dialects. However, it is unclear in cases where multiple 'foreign' singers exist in a population whether each bird represents an independent dispersal event, or instead is a local male that learned a foreign dialect from a single immigrant. Ideally, banding data of individuals of known origin can help answer this question, but such data are difficult to obtain because recapture rates of fledgling songbirds are low (Webster et al., 2002; Nathan et al., 2003) . Few studies have directly estimated dispersal of banded birds among dialects. In Nuttall's white-crowned sparrow, Zonotrichia leucophrys nuttalli, Baker (1978) found that fewer juveniles crossed a dialect boundary than expected by a null model, while brown-headed cowbirds, Molothrus ater (Anderson et al., 2005) , and yellow-rumped caciques, Cacicus cela, moved freely among dialects (Trainer, 1989 ).
Here we apply a different technique to estimate dispersal among dialects: comparison of the trace element composition of feathers. This method has been used to track movements in several species of birds (Kelsall & Burton, 1979; Szép et al., 2003; Donovan et al., 2006; Gómez-Díaz & González-Solís, 2007; Norris et al., 2007; Óvári et al., 2016) . Trace elements differ from stable isotopes in that they do not vary in a predictable pattern across the landscape, but depend on local features (Adout et al., 2007) . We have previously shown in a pilot study (Poesel et al., 2008) that the elemental composition of feathers grown during summer body moult in Puget Sound white-crowned sparrow males (Z. l. pugetensis) differs among four locations in different vocal dialects along the Pacific northwest coast of North America. In the case of our study species, we assume that trace elements vary among river basins that have differing bedrock and sediments along the Pacific coast (Poesel et al., 2008) . We apply this technique here to a larger sample of males, as well as females, and conduct a detailed analysis of the song repertoires of possible immigrant males.
The Puget Sound white-crowned sparrow breeds in coastal dunes and forest openings, forming a linear series of song dialects along the coast (Baptista, 1977; Nelson et al., 2004) . The dialects are defined by the terminal trill of the song (Figure 1 ) and at least 85% of males within a local population sing the same dialect (Baptista, 1977; Soha et al., 2004) . The majority of adult white-crowned sparrow males sing a single song type. The ability to imitate a tutor appears to be restricted to the male's hatching-year summer, as we have never observed a male learn a new song after arriving on his breeding territory as a yearling (Nelson, 1999 (Nelson, , 2000 Nelson & Poesel, 2009) . Nevertheless, young males retain some flexibility to modify their song repertoire after dispersing to their first breeding territory. About half of yearlings arriving at the beginning of the breeding season sing two or more song types, i.e., overproduce song, before they discard the extra type(s) and retain the one song type resembling the type sung by most of their territorial neighbours (Nelson, 2000) . The fact that some males sing two or more different dialects in their overproduced repertoire (Nelson, 2000; Nelson & Poesel, 2009) , raises the question of where males learned their song repertoire.
Our study has three goals: first, we test the hypothesis proposed in Poesel et al. (2008) that the feather element 'signature' of a yearling male that sings two or more dialects represents the mixture of elements acquired in all localities during the male's sensitive phase for song learning. This hypothesis makes two predictions: males that overproduce dialects should be difficult to classify accurately to one location based on their feather composition because the feathers would contain a mixture of elements from two or more locations, and a measure of the male's foreign dialect song composition should correlate with an estimate of how likely he was in a foreign dialect the previous summer. Second, we estimate how often foreign dialects are learned outside the local dialect as opposed to learned from the rare foreignsinger within a local dialect. Third, we estimate inter-dialect movements of breeding females in addition to those of males. In birds, natal and breeding dispersal occurs more often and over longer distances by females than by males (Greenwood & Harvey, 1982; Clarke et al., 1997; Mabry et al., 2013) , and we test whether this technique detects the same sex difference. Widespread dispersal among dialects by either males or females could be one explanation for the common finding that different song dialects in birds do not differ genetically (Poesel et al., in press ).
Materials and methods

Field methods
We collected feathers and recorded songs from Zonotrichia leucophrys pugetensis in four different song dialects along a 388 km stretch of the Pacific northwest coast (Figure 1) (Nelson & Poesel, 2009 ), and at Cape Disappointment between 1997 (Nelson, 2000 . Most males in these two populations were colourbanded, so we are confident that the sampled males at these locations were breeding for the first time in those study areas and were probably yearlings, based on partial brown crown colour and/or their short wings (Nelson & Poesel, 2009 ). In the mountain white-crowned sparrow, Z. l. oriantha, both male and female yearlings have shorter wings than their same-sex adult counterparts (Morton, 2002) . Males at Reedsport and Cape Blanco were a mixture of yearling and older (hereafter 'adult') birds. Six females were yearlings based on crown colour and an additional seven black-and-white-crowned females were probable yearlings based on their short (<66 mm) wing length. Hatching-year birds of this species have a partial pre-basic moult in which the body, but not flight feathers, are moulted, while after-hatch-year birds have a complete moult (Grinnell, 1928; Pyle et al., 1987; Morton, 2002) . To our knowledge, nothing is reported of age differences in the timing of this moult. In captivity, males begin moult about two weeks before females (Mewaldt & King, 1978) . The pre-alternate moult in all age classes is confined to the head and neck region in which brown-crowned yearling birds acquire the black-and-white striped crown of adults (Grinnell, 1928) .
We caught males during the breeding season by broadcasting whitecrowned sparrow song from a loudspeaker in front of a mist net. Breeding females were captured at Bullard's Beach in traps or mist nets. We collected two to three flank feathers and stored them in sealed and labelled plastic bags until we analysed them in the laboratory in Columbus, Ohio. We sampled flank feathers because, based on examination of 80 museum specimens, they are grown during the partial pre-basic moult the previous summer and not during the partial pre-alternate moult (Poesel et al., 2008) , and this allowed us to estimate where the bird was in mid to late summer, during or after the sensitive phase for song learning in males sampled as yearlings. We banded all birds with a numbered USFWS band. We recorded songs with a Sennheiser MKH70 'shotgun' microphone and Rycote windscreen and a Sony TCD-D10 Pro II DAT recorder or a Marantz PMD670 solid-state recorder sampling at 48 kHz, 16-bit amplitude resolution.
We analysed four samples of birds: the first was a model sample consisting of feathers and songs of local dialect singers sampled in the four different locations, the second sample consisted of nestlings from Bullard's Beach, the third included yearling males at Bullard's Beach that sang one or more song types typical of a foreign dialect, and the fourth included breeding females at Bullard's Beach. The model sample was used to build two discriminant functions models to estimate whether (a) feather elements and (b) song structure differed among the four sample localities. The second sample was used to validate the model sample using birds (nestlings) of known origin. The feather element and song structure discriminant models were used to classify the moult locality and song dialects of the males in the third sample, while the feather element model was used to identify the previous moult locality of females.
At Bullard's Beach and Cape Disappointment some males in the model sample overproduced song types upon their arrival, but all types were typical of the respective local dialects. We collected feathers from 25 breeding adult males at Bullard's Beach between 2004 and 2008, 14 Nelson, 2017) . The second sample of feathers consisted of feathers from 23 nestlings at Bullard's Beach (13 males, 10 females; sexed by molecular markers (Poesel et al., 2012) . Three of the male nestlings were later recaptured as breeders at Bullard's Beach and are included both in the samples of nestlings and adults. The third sample consisted of the feathers and song repertoires of 21 territorial yearling males at Bullard's Beach between 2004 and 2008 that sang some non-local song in their overproduced repertoire (hereafter 'foreign-singers'). Twenty-six of the males in the model sample and six of 21 foreign-singers were described in Poesel et al. (2008) . The fourth sample contained feathers only (females rarely sing in this species) from 35 breeding females captured near their nests at Bullard's Beach from 2005 to 2007.
Trace element analysis
To measure trace elements in feather samples we followed Poesel et al. (2008) , and used an Inductively Coupled Plasma Mass Spectrometer (ICP-MS) for a semi-quantitative analysis. We performed all analyses at the Trace Element Research Laboratory at The Ohio State University, Columbus, OH, USA. Specifically, feather samples were rinsed with distilled water, ovendried at 37.8°C, and 2 mg of feathers from each individual weighed out to the nearest 0.1 mg in a 15-ml or 50-ml polyethylene test tube. One ml of concentrated, purified nitric acid was added and tubes were immersed in boiling water for six minutes or until the feathers had entirely dissolved. Once cooled, we added ultra-pure deionized water to the 10-ml mark.
We used a PerkinElmer Sciex ELAN 6000 ICP-MS to analyse the prepared samples and normalized intensities for isotopic abundance as described in Poesel et al. (2008) . Of the 70 elements analysed, 34 were measured reliably and were present in some feather samples: Al, As, Ca, Cd, Ce, Co, Cr, Cu, Fe, Ga, I, K, La, Mg, Mn, Mo, Nb, Nd, Ni, P, Rb, Th, Sb, Sc, Se, Sn, Sr, Tb, Ti, U, Y, V, Zn and Zr.
Song analysis
White-crowned sparrow songs consist of four different phrase types: whistle, buzz, note complex (also termed complex syllables; Baptista, 1977) and trill ( Figure 1 ). Geographic variation in song of Puget Sound white-crowned sparrows is most pronounced in the note complex and terminal trill phrases (Baptista, 1977; Nelson, 2017) . Note complex and trill phrases consist of one or more notes -continuous tracings on a sound spectrogram, separated from other tracings by at least 3 ms. Accordingly, we measured 13 acoustic variables on the note complex and five variables on the first syllable in the trill as described in detail elsewhere (Nelson & Poesel, 2007) . For each of the first three notes in the note complex and the first note in the trill we measured: frequency at note onset, frequency at note ending, note duration, total duration of the note complex or trill syllable, and the quiet interval to the next note (the latter measure for only the first two notes). In addition, for the trill we counted the number of elements in the note: regions within a note with a constant rate and direction of frequency modulation. Measurements were made using a screen cursor and a program run in Signal 5 (Engineering Design, 2009) on spectrograms (sampling frequency 25 000 Hz, FFT length 256 points; time resolution 10 ms; frequency resolution 98 Hz). Note onset and offset were measured at the point where amplitude was −21 dB relative to peak amplitude in the phrase. We only measured the first note in the trill in this study because it is diagnostic of each sample site; subsequent notes are either repetitions of the first (Cape Blanco) or differ from the first but are also geographically unique and would likely add no new discriminating information (Figure 1 ).
Statistical analyses 2.4.1. Trace element analysis
We performed forward stepwise linear discriminant function analysis (LDFA) on untransformed concentration values of 34 elements in the 71 males in the model feather sample to investigate whether trace elements differed among the four locations. We built models to minimize Wilk's λ; variables with F 3.84 entered the model and variables with F 2.71 were removed. Using the variables selected in the model sample, we then classified feathers in the three other samples from Bullard's Beach to one of the four source populations: (1) 23 chicks, (2) 21 foreign-singers and (3) 35 female breeders. In classifying cases to location, we assumed prior probabilities of group membership to be equal, a pooled within-groups covariance matrix, and used the leave-one-out method on the model sample to ensure that classified cases were independent of those used to build the model. We compared the percentage of cases correctly classified to the proportional chance criterion, which takes into account differences in sample size across groups (Morrison, 1969) . Analyses were performed in SPSS 22.0.
Song analysis
We used acoustic measurements on recordings of the 92 songs in the song model sample to build discriminant functions models, one for note complexes and one for trills, to separate the four dialects and to classify the note complexes and trills of males in the model sample (by the leave-one-out method). The models were then used to classify the dialect origin of phrases in the songs of the 21 foreign-singers at Bullard's Beach. Of these 21 males, Figure 1 . The map of the Oregon coast on the right shows the distribution of the four song dialects based on recording localities in Nelson (2017) along with the four sample localities in the present study. Open triangles denote dialects north and south of the four studied here. Puget Sound white-crowned sparrow song types typical of the local dialect at each of four sampling locations are in the middle column, and examples of five song types from foreign-singers at Bullard's Beach state park are on the left (males identified by color-band codes). Four different phrase types, whistle (W), note complex (NC), buzz (B) and trill (T) are identified at the bottom of the middle column. Note complexes are identified by solid underlining, entire trills by dashed lines or cross-hatching. Note complexes and trills of the foreign singers are identified to their dialect source, as classified by discriminant functions analyses and indicated by the same pattern of underlining. Dashed boxes surround the first syllable in each trill that was measured in the acoustic analysis (see text). The five song types by the foreign-singers are described in the text. three sang 'hybrid' note complexes and three sang hybrid trills composed of two different note complex or trill types (Figure 1 ). For these six males, we measured both note complexes or trills in each song type and classified them as described below. The final sample from these 21 males included 44 note complexes and 35 trills (nine songs lacked trills).
We built linear discriminant functions models using the same assumptions as described for the feather model sample. We then calculated the percentage of phrases that was of foreign origin (defined as any non-Bullard's Beach dialect) in each of the 21 foreign-singers' repertoires.
Results
Model sample feathers
A stepwise LDFA using three functions retained nine of the 34 measured trace elements (Table 1 ) and correctly assigned 76% of the 71 individuals in the model sample to their sample location ( Figure 2 , Table 2 ) as compared to 27.3% expected by chance. The first two functions explained 83% of the total variance among locations and correlated with Magnesium, Strontium, Neodymium, Zinc, Iodine and Rubidium (Table 1) . Thus, different song dialect locations differ in trace element composition.
Assignment of known individuals: nestlings at Bullard's Beach
The LDFA model using feather elements classified all 23 chicks sampled from nests at Bullard's Beach to Bullard's Beach (Table 3 ). All three of the male nestlings that returned to breed were classified to Bullard's Beach using feathers sampled in their first or second breeding season.
Model sample songs
Separate LDFA models based on the acoustic structure of note complexes (Table 4 and Figure 3a ) and trills (Table 5 and Figure 3b ) revealed that both phrases differed significantly among the four dialects in the model sample. Trills were slightly more diagnostic of geographic identity as 92% of 92 cases were correctly assigned to dialect, versus 80% of 92 note complexes (25.3% expected by chance in both models). Most classification errors of note complexes (17) involved confusing Bullard's Beach with Reedsport, the next dialect to the north (Table 6 ). Nine of 34 elements measured were retained in the final model. N = 71 males in the model sample. All three functions are significant (p < 0.001). Values listed for each element are the pooled within-groups correlation coefficient between the element and each function.
Assignment of unknown individuals: foreign-singers at Bullard's Beach
The 21 foreign-singers at Bullard's Beach sang a total of 40 song types in their repertoires, with a median of two song types per male (1 song type: 8 males; 2 types: 7 males; 3 types: 6 males). The LDFAs using the model sample of songs from the four dialects classified each of the note complexes (N = 44) and trills (N = 35) in these song types to the most likely dialect of origin (Table 6 ). Of the 29 note complexes in this sample classified to Bullard's Beach or Reedsport (the locations with similar note complexes: Table 3 ), only one was a borderline decision (posterior probability = 0.46 Bullard's Beach versus 0.54 Reedsport). We accepted the LDFA dialect classifications in this and all other cases. Both the note complex and trill in 10 song types were classified to Bullard's Beach (e.g., male M-BB type 1 in Figure 1 ). In 16 song types one phrase was classified as Bullard's Beach and the other phrase to a different dialect, forming a hybrid song type (e.g., GP-M in Figure 1 ). In 14 song types all phrases were classified to dialects other than Bullard's Beach: in 11 of these all phrases came from the same dialect (M-BB type 2 in Figure 1 ), in three songs two phrases were classified to Figure 1 ; open circles correspond to the 21 males at Bullard's Beach with one or more foreign song phrases in their repertoires. different foreign dialects (M-YW in Figure 1 ). All foreign-singers that sang songs with Cape Blanco note complexes omitted the trill (YK-M in Figure 1) , as was also common in males at Cape Blanco. Based on the classification, five of the 21 foreign-singers sang only foreign songs in their repertoire, the remaining 16 sang phrases from both foreign dialects and Bullard's Beach.
Goal 1: feather element signature of foreign-singers
Based on the element composition of their feathers, 11 of 21 foreign-singers at Bullard's Beach were classified to a foreign location (Table 3) . As our first goal, we hypothesized that if males visited several locations during the previous moult, their feather composition would reflect a 'blending' of the feather signatures at two or more locations. This hypothesis predicts that foreignsingers that learned two or more dialects would be difficult to classify with high certainty, but this prediction was not met. The distribution of posterior Figure 4a ). The distribution for the foreignsingers is somewhat bimodal, but there are few intermediate cases in Figure  2 or Figure 4a , as would be expected if feathers incorporated elements from two or more locations. Most foreign-singers were clearly assigned to one location, either a foreign one or Bullard's Beach. The maximum posterior probability of classification to any location did not differ between the model sample and these 16 foreign-singers at Bullard's Beach (Mann-Whitney The first row consists of the model sample of yearling males from Bullard's Beach (the first row in Table 2 ) for comparison to the three other samples, all of birds sampled at Bullard's Beach, classified to location by the model sample. Female age classifications defined in the text. Seven of 13 measured variables were retained in the best model. All three functions are significant (p < 0.001). Values listed for each measurement are the pooled within-groups correlation coefficient between the variable and each function. U = 154; N = 25, 16; exact p = 0.227; Figure 4b ). Only four foreignsingers were borderline classification cases with a maximum assignment probability of 0.58 or less. That is, the multi-dialect foreign-singers could be classified to one of the four locations with as much certainty as model males.
To address the second prediction derived from the hypothesis that foreignsingers would have a blended feather element profile, we calculated the percentage of foreign phrases within the entire repertoires of all 21 foreignsingers. Six males had song repertoires in which all song type(s) were composed entirely of foreign phrases, all of these males were classified to a foreign location based on their feather composition. In four of these males all phrases in their song matched the location based on their feather signature, in one male 75% of his phrases matched his feather location classification, and in the sixth male the song and feather classifications disagreed. The remaining 15 males had 17 to 75% of their phrases across all their song types classified as foreign in origin. Ten of these 15 males were classified to Bullard's Beach based on feathers, the other five were classified to a foreign location. The dialect classifications based on feathers and song agreed for all but two of the 15 males. The percentage of foreign phrases within the repertoires of all 21 foreign-singers was significantly correlated with the posterior Figure 3 . Scatterplots of the first two discriminant functions based on acoustic measurements of (a) note complexes (Table 4) 
Goal 2: where do males learn their songs?
As described above, 11 foreign-singers had feathers moulted in a foreign location. The 10 remaining foreign-singers that moulted at Bullard's Beach could have learned their foreign dialect from males present in the dialect the Table 6 . Classification to song dialect based on the acoustic structure of note complexes and trills (in parentheses) in the model sample and the 41 songs in the repertoires of 21 foreign-singers at Bullard's Beach. 
Each song in the model sample had one note complex and one trill. Foreign-singers sang a total of 44 note complexes and 35 trills. previous year. This suggests a minimum of 11 of 21 (52%) of foreign-singers learned their foreign song(s) in a foreign location.
Goal 3: inter-dialect dispersal
3.5.1. Males at Bullard's Beach As described above, the males included in the model and foreign-singers samples were chosen on the basis of song, and did not constitute random samples of all yearlings at Bullard's Beach. We approximated a random sample of yearlings by combining the two samples, weighted by their frequency of occurrence. Of the 140 total yearling recruits we observed at Bullard's Beach during the five years between 2004 and 2008, 119 (83%) sang only the local dialect (potential model sample males) while 21 (17%) were foreignsingers. As described above, 5 of 25 model sample males (20%), and 11 of 21 foreign-singers (52%) likely moulted in a foreign location the previous year. The percentage of foreign immigrants among all 140 recruits is therefore 25% (= 0.83 × 20% + 0.17 × 52%), or 5% per year.
Females at Bullard's Beach
The LDFA model based on feather elements classified 12 of all 35 breeding females (37%) to a foreign location (Table 3) . Among 13 likely yearling females, four (31%) were classified to a foreign location, an estimate not different from that for male yearlings (Fisher's exact test, p = 0.69). As with males, most female immigrants came from the two dialects bordering the Bullard's Beach dialect: Cape Blanco and Reedsport (Table 3) .
Discussion
Our main findings are that feathers from different dialect locations differ in their trace element composition, and about half the males that sing songs typical of foreign dialects also have feathers grown in that foreign location the previous year. Males with a larger fraction of foreign dialect song phrases in their song repertoire are more likely to have moulted at a foreign location. We also found that both males and females commonly disperse between dialects. The current analysis extends the findings from Poesel et al. (2008) based on a subset of the data presented here with the analysis of additional samples and a detailed analysis of song structure.
Our main finding that feathers from four spatially separate song dialects differ in their elemental composition assumes that males in the model sample were present at the sample location the previous year when their feathers were grown. We deliberately biased this sample by only including males that sang songs typical of their respective location. Banding and re-capture the next year of large numbers of individuals are needed to confirm this assumption, but the correct classification of three recaptured males hatched at Bullard's Beach, and the 100% correct classification of 23 chicks sampled in nests at Bullard's Beach are consistent with this assumption, at least for this location. However, 20% of males in the model sample at Bullard's Beach were classified to another location, the result of a combination of measurement error, sampling error and immigration, as discussed below.
We found mixed support for the hypothesis that the 'foreign song' composition of a young male's overproduced song repertoire correlates with the probability that he came from a foreign location. In the majority of cases the independent identifications of a bird's origin based on elemental composition of feathers and song dialect agreed. Males with a larger fraction of their song repertoire composed of foreign dialect(s) had a higher probability of moulting in a foreign location ( Figure 5 ). Arguing against the hypothesis, we found that only a few foreign-singers were classified to a location with a low level of confidence, as would be expected if their feathers blended elements from two locations. Instead, their feathers reflected an origin in either a foreign or the Bullard's Beach dialect. If the body feathers we sampled grow quickly, then there might be insufficient time for them to incorporate elements from more than one location.
Our analyses assume that white-crowned sparrow males are only able to memorize novel song material in their hatching-year summer, as supported by laboratory song learning experiments (Nelson & Marler, 1994; Nelson et al., 1996) and field evidence cited in the Introduction. Males begin to practice song production while on the wintering grounds in California (DeWolfe & Baptista, 1995) , but no evidence suggests that they memorize novel song material at that time. If there is a cost to learning song, and since males appear to benefit by breeding in local song neighbourhoods (Poesel et al., 2012; Nelson & Poesel, 2013) , then we would not expect selection to favour learning from non-territory neighbours on the wintering grounds as the vocal dialects are not geographically segregated in winter (DeWolfe & Baptista, 1995) . Rising testosterone titres induced by increased day lengths appear to induce song production, but inhibit song memorization in late winter (Whaling et al., 1998) .
We did not measure natal dispersal in this study, but rather dispersal from where the bird was during body moult the previous summer. It would be interesting to compare the element profiles of flight feathers, which are largely grown in the nest and are not moulted until after the first breeding season, to body feathers of the first basic plumage, which are grown several months later. The flight feathers should correlate with natal origin while the body feathers should reflect any later dispersal movements. Some yearling males and females may have already undergone some dispersal movement prior to body moult, as seems likely from Morton et al.'s (1991) observation in Z. l. oriantha of a large mid-summer influx of hatching-year males hatched outside the study area. If males learned song prior to beginning moult, then their feather element signature would not match the dialect(s) they expressed. It is possible that some of the males in the model sample that were assigned to a foreign location based on feather composition learned the local dialect, moved to a foreign dialect in late summer where they moulted, but then returned to their natal location to breed. Such movements may represent prospecting for a suitable breeding territory by young birds (Reed et al., 1999; Dittmann et al., 2005) . We have suggested that males may wander in their hatching-year summer, as documented in Z. l. oriantha (Morton et al., 1991; Morton, 1992) , and learn several vocal dialects while prospecting for a breeding territory (Nelson & Poesel, 2009 , 2014 . Learning two or more vocal dialects might increase a male's chances of sharing song with neighbours if the future breeding site cannot be predicted.
We compared estimates of dispersal probability for males and females. In most bird species females are more likely to disperse and disperse longer distances than males (Clarke et al., 1997; Mabry et al., 2013) . In our small sample, both sexes were equally likely to disperse, a result also found in Z. l. oriantha based on band-recapture data (Morton, 1992) . This is not uncommon, as no sex difference in either distance or probability of natal dispersal is found in 40% of bird species (Clarke et al., 1997) . We emphasize again that we did not measure natal dispersal directly as banding studies have done, and so comparisons should be made cautiously. As found in other species, both sexes were more likely to disperse from two neighbouring locations than from a distant location (Paradis et al., 1998) , although our estimates are truncated by limited sampling (Koenig et al., 1996) . Occasional long-distance dispersal does occur however, as several males and females apparently dispersed 160-348 km, the range of the Cape Disappointment dialect from Bullard's Beach. These individuals may cut short their northward spring migration if they find a vacant territory south of where they moulted the previous summer. Early in spring we commonly heard males in small flocks quietly singing dialects that occur north of Bullard's Beach before they moved on.
Errors in classifying birds to moult area based on feather composition may arise from spatial heterogeneity in element profiles within dialect areas. We only sampled a single location within each dialect; it is unknown whether element profiles vary over small distances within dialects. The dialects represented at Bullard's Beach, Cape Blanco and Reedsport are comparatively small, and range 40-50 km along the coast, so such error may be relatively small in these dialects (Figure 1) . The dialect at Cape Disappointment on the other hand, extends 190 km south to Newport, Oregon and encompasses multiple river drainages which might produce spatial heterogeneity in the distribution of trace elements within the dialect (Gaillardet et al., 2003) . However, the strong agreement between independent classifications based on feather elements and song dialect structure (86% of 21 foreign-singers) suggests that the distributions of trace elements and song dialects are broadly concordant, at least within this region of the coast. Denser sampling might improve this agreement. Another source of error may be introduced by temporal variation. The samples at Bullard's Beach were collected over a five-year-long period, and it is possible that element profiles may vary over time. Our samples are too small to have adequate power to detect such an effect if it exists. A study by Szep et al. (2003) indicates trace element profiles are stable across years in one species.
Despite the various sources of error discussed above, differences in trace element markers combined with song data suggests that considerable movement, about 5% per year, occurs by males and females among dialect areas in the Puget Sound white-crowned sparrow. Our evidence of frequent movement of both males and females among dialects, some of which presumably represents natal dispersal, agrees with genetic evidence that the population of the Puget Sound white-crowned sparrow is essentially panmictic Poesel et al., in press ).
